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Learning Outcomes

* Describe Reduced Eye.
* Explain Accommodation of eye.
* Describe the Autonomic innervation of eye.

* Describe the control of pupillary aperture and
Pupillary Light Reflex.

* Describe Horner’s Syndrome.

* Describe Argyll Robertson’s Pupil.

* Explain the pathophysiology of Cataract.
* Describe Visual Acuity.




Eye As A Camera

Eye has a

* Lens system
* A variable aperture (pupil)
* A photographic film (retina)




Lens System Of The Eye

Four interfaces
Air and anterior surface of cornea
Posterior surface of cornea and agueous humor
Agueous humor and anterior surface of the lens

Posterior surface of lens and vitreous humor




Refractive Index

RI= Velocity of light in air/velocity of light in that medium

Velocity of light in air is 300,000 km/s
So, Rl of air = 300,000/300,000=1

Refractive indices of other transparent media are greater
than 1




What Is Reduced Eye?




Reduced eye

//

Vitreous Lens Aqueous Comea Air
humor 1.40 humor 1.38 1.00
1.34 1.33

The numbers are the refractive indices.




Refractive Indices

* Air 2 1

* Cornea =2 1.38

* Lens =21.40

* Aqueous Humor - 1.33
* Vitreous Humor - 1.34




Lens System of the Eye

* Total Refractive power is 59 diopters

* Maximum Refraction — CORNEA; 40 diopters

Refractive indices difference of air and cornea
0.38 (1.38—-1.00)

* Refractive power of LENS is 20 diopters only

* Lens - provides accommodation for different
distances of the object from the eyes




Accommodation




Accommodation Power

* Parallel light rays are focused on retina by 59 diopters
power of the lens system

* Light rays from near objects are diverging

* More powerful lens required to focus the near
objects

* Refractive power of the crystalline lens can be
increased from 20 diopters to 34 diopters

* This 14 diopters increase is accommodation power




Mechanism of Accommodation

Cornea Mendional
\’ - fibers

Suspensory
ligaments

Choroid Sclerocorneal Circular
junction fibers

Ciliary muscle

Suspensory

Lens ligaments
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Accommodation




Mechanism of Accommodation

* Lens capsule is strong transparent elastic filled
with transparent proteinaceous fluid

* About 70 suspensory ligaments attached at
periphery, connecting the lens to ciliary muscles

* These ligaments are radially arranged and
collectively called ‘zonule’

* In relaxed state lens becomes almost spherical, a
transparent ball




Ciliary Muscles

2 sets of muscle fiber

Meridional fiber —

Contraction pulls the attachment site anteriorly
and releases some of the tension of ligaments

Circular muscle fibers- contraction reduces the
total diameter of attachment site and greatly
reduces the tension on the ligament

* Both contract by the action of parasympathetic
fibers in the oculomotor nerve, 3 cranial nerve




Positive Accommodation

Contraction of ciliary muscles—>

Reduced tension on zonular ligaments
More spherical shape of the lens

I refractive power

Positive accommodation

Accommodation for near vision

Pupil constricts in positive accommodation
Convergence of eyes as well




Negative Accommodation
* Relaxation of the ciliary muscles -

I tension on zonular ligaments
Less spherical shape of the lens
J refractive power

Negative accommodation
Accommodation for far vision




Autonomic Innervation of
Eye




Autonomic Innervation of Eye

Edinger-
Pretectal Westphal Ciliary
region nucleus ganglion
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Eye }—| Optic nerve |——»{ Optic chiasma Optic tract

l

Visual cortex (area 17) Optic radiation |«—— Lateral geniculate body

»{ Frontal eye field (area 8)
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Control Of Pupillary Diameter

Normal Pupillary size =2 4-6 mm

Parasympathetic stimulation excites constrictor
pupillae muscle decreasing the pupillary aperture -
MIOSIS

Sympathetic stimulation excites dilator pupillae of iris
(radial muscle fibers)- pupillary dilation called
MYDRIASIS




PUPILLARY DILATION &
CONSTRICTION




Iris sphincter muscle Iris dilator muscle




Dilated & Constricted Pupil







Pathway For Light Reflex

| Light shown to one eye I
| Oplic nerve |
Optic tract
-
Pretectal nucieus and superior colliculi I
1
__ Edinger-westphal nucleus Activation of contralateral Edinger-Wesphal nucleus ||
Oculomotornerve ¢ | 3 Oculomolor nerve
Ciliary ganglion Ciliary ganglion
IShort ciliary nerves l l Short ciliary nerves
" Sphincter pupillae | Sphincter pupillae
v v
Pupiltary constriction Pupillary constriction of other eye |
Light Reflex Consensual Light Reflex




HORNER'S SYNDROME
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Horner’s Syndrome

Figure 1: Lefl pupilary miosis, marked hypochromia ol the lefl iris,
ipsiateral midd plosis and kit hamdacial anhidrosis




Horner’s Syndrome

Interruption of Sympathetic nerves to the eye

in cervical sympathetic chain —>Horner’s syndrome
characterized by

1. unilateral ptosis [ HHUMBLE
2. miosis

3. blood vessels are persistently dilated on the
affected side

4. hemifacial anhydrosis (ho sweating)

5. hypopigmentation of the iris on the affected side
and

6. enophthalmus




Argyll Robertson Pupil




Argyll Robertson Pupil

ABSENCE OF LIGHT REFLEX

* pupillary constriction to accommodation and
convergence reflex is maintained

* Size of pupil is less than 3 mm
* Sign of neurosyphilis

* also seen in neoplasms around aqueduct,
polioencephalitis, trauma, diabetic neuropathy etc

Typical ARP is always
bilateral,

miotic

having irregular margins




Pupillary Aperture

Control of amount of light
Diameter of pupil 1.5 to 8 mm
Amount of light is proportional to Diameter?
Amount of light can vary up to 30 times

Effect on depth of focus
Constricted pupil increases the depth of focus
All the light rays pass almost the center of lens
Central light rays are always better focused
Principle of pin hole camera




Pupillary Aperture And Depth Of Focus

Point sources of light

'. Point sources of light

Effect of small (top) and large (bottom) pupillary apertures on "depth of focus."




What is Cataract?




Cataract



Cataract

* Common in older people
* Cloudy or opaque area/areas in lens

* Mechanism

Proteins in lens become denatured

and form a coagulum in place of normal
transparent protein fibres

* Impairs light transmission and impairs vision

* Replacement by an artificial plastic lens




VISUAL ACUITY




Visual Acuity

Sharpness of vision
Two points discrimination

* 2-point sources of light will be discriminated if their
focal points at the central retina are at least 2 um
away




Visual Acuity

Central Retina Peripheral Retina
» Maximum visual : Vi;ual ZCUiW is
acuity reduce
. Several rods and

Each cone is cones converge on a
connected to single optic nerve
separate optic fiber
nerve fiber

, , Cones are much
Cone diameter is thicker 5-8 pm

only 1.5 um




Maximum Visual Acuity

2um¢, Y

17 mm

%m

10 meters




Far Vision

Snellen’s Chart




1 20/200

2 20/100
3 20/70
4 20/50
5 20/40
6 20/30
FELOPZD 7 20/25
D E FPOTEC 8 20/20
]
. E F O D P Cc T o)

F D P L. T C E O 10

P E Z O L € F T D 1M




Clinical Method to Test Visual Acuity

* Snellen’s chart
* Letters of different sizes

* Every letter or letters line marked for the distance a
normal person can read

* The subject must read the chart from a distance of 20
feet or 6 meters

* If can read letters marked 20 is 20/20 or 6/6 i.e. 2
normal

* If can read letter at 200 then VA 20/200 or 6/60 -

can read at 20 feet (6 m) distance the letters he should
be able to read from 200 feet (60 m)

* VA = ratio of one’s VA to VA of a normal person




Near Vision
JAEGERS’S CHART
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Determination of distance
(Depth Perception)

3 methods for the determination of the distance of
the objects from the eyes

1. Size of image of known objects
2. Phenomenon of moving parallax
3. Phenomenon of stereopsis




Size of image of known objects

Image of the far objects is smaller than the
nearer objects

Brain knows the size of the image of known
object when they are near and change in size
when the same objects is far away

Brain automatically calculates the distance
from this




Phenomenon of moving Parallax




Phenomenon of Moving Parallax

Image of the nearer objects moves more across
the retina with the movement of the eye

Very near objects are out of field of vision with
small movement of eyes or head

Far objects image remains on the retina even
with tremendous movement of the eye of head

From this phenomenon brain estimates the
distance of objects




Phenomenon of Stereopsis

* Binocular vision

* Object near to the eyes forms images on the
temporal side of the retinae

* As it moves away from the eyes, the images in
the two eyes come more towards the nasal sides
of the retinae

* Nearer objects have more un-fused points of the
two images than the far objects

* From these two phenomenon of binocular vision
brain can estimate the distance of the objects




Distance perception by size and
stereopsis

Object of known
distance and size

1. Size of image

Unknown
object

2. Stereopsis
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Lesson Plan For Next Class

* Visual Pathways
* Visual Field Defects







